ABSTRACT. This research presents the results of an experimental investigation carried out to study the technological basics of a new material characterised by its high compressive strength and its resistance to acids. One hundred and thirteen cylindrical 45 x 30 mm samples with height to diameter ratio of 1.5 were prepared by mixing suitable ratios of quartz sand and phosphoric acid, burned in a furnace to temperatures between 800-1400° C for 2 hours. On the basis of test results gathered from this study, a new silica-phosphate material is suggested.
INTRODUCTION
A number of investigations looked at the bonding effect of Silica-phosphate. Iler in 1962, and Yates in 1972, found that the reaction of P2O5 with silica at a relatively low temperature develops high bond strength in refractory compositions. Both of them come to the fact that silica sol may be mixed with ammonium phosphate or other P2O5 precursors at relatively low pH and used in minimal quantities as a binder in refractories [1] .
In 1961 Nobel, Bradstreet and Rechter found that improved bond strength in ceramic bodies is attained with mixtures of mono aluminum phosphate and colloidal silica when used with finely divided refractory powders of ziricon, ziriconnia, or alumina [1] .
Researchers have not come to an agreement about the nature of the bond of silica-phosphate. Some published literature [2] related the nature of bond to two compounds Si02 P2O5 and 2Si02, others related the bond nature to 3Si02.P20s compound. According to a study conducted by Tien and Hummel [2] in 1962, the compound SK32.P2O5 melt congruently at 1290° C, and exists in two polymorphic modifications, with a transition temperature of 1030° C. The compound 2Si02-P2C>4 melts incongruently with decomposition into Si02.P205 and silica-rich liquid at 1120° C. In 1968 Liebau and Bissert [3] have obtained different modifications of P2O5 Si02 by using various forms of Si02 and P2O5. These modifications are cubical, tetragonal, two monoclinic, orthorhombic, hexagonal and pseudohexagonal modifications. They also obtained a hexagonal phase of variable composition, which includes the compounds, P20s.3Si02 and 2P20s.3Si02-Nurse, Welch and Gutt [4] have investigated high-temperature phase equilibria in the system 2Ca0,Si02-3Ca0,P205 by high-temperature microscopy and X-ray analysis. The system was presented a continuous series of solid solutions with a melting-point maximum at 2240° C. A new high-temperature form of 3Ca0,P20s was discovered but it was not survived quenching to room temperature. At lower temperature two compounds were formed by solid-state reactions, the known silicocamotite stable below 1450° C and a new phase denoted as "A," stable below 1125° C, having the approximate composition 7Ca0,P205,2Si02-The properties of building materials governing their suitability for service under various conditions depend first on chemical and mineralogical composition of the material. The present work is directed to develop a new acid resistance building material taking into consideration the effect of acid rain on some parts of the world. Two important factors should be considered when developing it, the availability of cheap raw materials and the material suitability to withstand different conditions. This investigation aims to find cheap engineering building materials from local raw materials to produce ceramics, thermal bricks and blocks characterised by solid physical, dynamical and chemical properties.
EXPERIMENTAL WORK
A total of one hundred and thirteen samples of silica-phosphate cylinders, that are 45 mm in height and 30 mm in diameter, were tested to study their physic-chemical features and their resistance to acid mediums. The mineralogical and chemical analysis of the tested quartz sand samples was achieved by using the x-ray fluorescence method.
The method used to produce silica-phosphate material consists of four stages: In the first stage, the raw sand material, mostly of silica, was ground to very fine grains with the sand surface weight kept between 3000 to 4000 cm 2 /gm. In the second stage, the silica sand was mixed with phosphoric acid with a ratio varying between 5 to 15% of the total silica sand weight. In the third stage, the silica-phosphoric acid mixture was cast in steel moulded cylinders. The samples then were removed from moulds, ready for their furnace heat treatment. In the fourth and final stage, the cast samples were placed inside a muffle furnace, in which a maximum temperature of 1400° C can be achieved. Four burning temperatures were adopted, these temperatures were 800° C, 1000° C, 1200° C and 1400° C. The sample maintained at these temperatures for 2 hours. Then the samples were removed to cool at laboratory temperature. The specimens were tested under axial compression using screw type machine. The load was applied and increased continuously at a nominal rate within the range 0.2 N/(mm 2 .s) to 0.4 N/(mm 2 .s) conforming to BS 1881: Part 116: 1983 [5] . The specific gravity and the water absorption of the specimens were obtained by a standard method generally used for the determination of specific gravity and absorption of coarse aggregate [6] . The specimens were first immersed in water for approximately 24 hours, to essentially fill the pores. It is then removed from the water, the water dried from the surface of the particles, and specimens then were weighed. Subsequently they were weighed while they were submerged in water. Finally they were dried in an oven at 110 ± 5° C for 24 hours and massed. Using the mass and weight measurements obtained and formulas in the standard method, the specific gravity and absorption were obtained. In order to obtain the specimens porosity, the specimens absolute specific gravity were determined. The specimen whiteness was obtained using colour charts. The percentages of specimen resistance to acids were obtained after weighing the specimens before and after acid soaking for 72 hours.
RESULTS AND DISCUSSION
The percentage ratios of the raw sand components to their weight are given in Table 1 . Table 2 summarises the results of the compressive strength for all samples, and specifies the specific gravity and percentages of porosity, water absorption and whiteness of each group of samples burned at each specified burning temperature. Figure 1 shows the relationship between the samples percentage of water absorption and the burning temperature for quartz samples mixed with 10% phosphoric acid. The Figure shows a decrease of the water absorption percentage when the burning temperature was 1200° C. Figure 2 shows the compressive strengthtemperature curves for samples mixed with 5%, 8%, 10% and 15% phosphoric acid. Compared to samples mixed with 5% phosphoric acid, the curves show a 47.8%, 88.7% and 68.5% increase in the compressive strength when burning temperatures was 800° C for samples mixed with 8%, 10% and 15% phosphoric acid respectively. The Figure shows that the compressive strength was increased by 25.6%, 59.7% and 102.8% when burning temperatures was 1000° C for samples mixed with 8%, 10% and 15% phosphoric acid respectively. The increase was 26.3%, 59.4% and 36.2% when burning temperatures was 1200° C for sample mixed with 8%, 10% and 15% respectively. For sample with 10% of phosphoric acid the Figure shows a decrease of 22% in compressive strength when the burning temperature was increased from 1200° C to 1400°C.
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TEMPERATURE (°C) Figure 2 Effects of burning temperatures on compressive strength Table 3 summaries the results of the resistance of the silica phosphate sample to acid mediums. The acids used were hydrochloric acid, sulfuric acid, nitric acid and phosphoric acid. Figure 3 shows the percentage of the resistance of silica-phosphate material to acid medium-temperature curves, each curve presents the percentage of the resistant of the silica-phosphate material sample to one individual acid at burning temperature of 800° C, 1000° C, 1200° C and 1400° C. The results obtained from the Figure shows that the silica-phosphate resistance to the acid medium was improved. The maximum resistance occurred when the burning temperature was 1200° C.
TEMPERATURE (°C) Figure 3 The resistance of the silica phosphate materials to acid mediums
SCOPE OF USING
Silicate technology has been going through a tangible development. Steam moistening of quartz sand for molding parts has become widespread at brickyards. This set up the opportunity of more quantity, in the same time raised the quality, that ends with better structural, architectural, decorative, every day use, refractory and acid resistant materials. Silica phosphate can be used to construct buildings, roads, and drainage systems for the acid rain regions. It can be also used due to its characteristics as wall materials, hollow bricks, tiles, roofing material and as covering layer of bricks and stones.
CONCLUSIONS
1) A new, cheap building material characterised by high compressive strength, low porosity, and low water absorption, notable for its lightweight, whiteness and its resistance to acid mediums, can be made when burning silica with phosphoric acid with a suitable mix at about 1200° C.
2) The high compressive strength of the new material is attributed to the stabilization of the silica and phosphate in many aspects of its structural formation, the reformation of free silica oxide and also for the decrease of the voids caused by high temperatures and consequent chemical reactions.
